Background: Smear-positive pulmonary TB is the most infectious form of TB. Previous studies on the effect of HIV and antiretroviral therapy on TB treatment outcomes among these highly infectious patients demonstrated conflicting results, reducing understanding of important issues.
Introduction
Approximately one third of the world's population is infected with tuberculosis (TB) bacilli and at risk of developing active TB [1] . In 2010, there were an estimated 12 million TB cases, including 8.8 million incident cases [1] . Smear-positive pulmonary TB (PTB) constitutes 34% of new TB cases [2] and is most likely a source of TB transmission in the community. In sub-Saharan Africa, high HIV prevalence increases the risk of developing TB. An estimated 40% of African TB cases were HIV co-infected in 2010, and 24% of 1.45 million TB deaths globally were among HIV-infected people [1] .
Due to the high HIV prevalence among TB patients, WHO recommends the Three I's: intensified TB screening among HIVinfected individuals, provision of isoniazid preventive therapy (IPT), and infection control [3] . Adoption of the comprehensive service package, in particular provision of IPT, by the Malawi national HIV programme was a challenge due to its implementation requirements. However, Malawi's national HIV programme started providing IPT among pre-ART patients in 2011 [4] .
Treatment success in TB patients is a major challenge in TB programmes. TB treatment outcomes (cured, treatment complet-ed, died, treatment failure, lost to follow-up (LTFU) or transferredout) are known to be influenced by a number of factors including HIV co-infection, but the evidence on what factors are most influential appears inconclusive. While some studies found lower TB cure rates among TB/HIV patients [5, 6] , other studies reported comparable TB cure rates among those TB/HIV coinfected to those infected only with TB [7, 8] . Most of these studies were limited by a number of factors. First, they were conducted largely prior to the widespread use of ART [5] [6] , which improves survival [9] . Second, other studies showed reduction in mortality among HIV-infected TB patients who accessed antiretroviral therapy (ART) [10] [11] [12] ; however, these studies focused on ART and not TB outcomes, reducing their application to strengthen TB programmes.
Understanding TB treatment outcomes of new smear-positive PTB cases may provide an indication of the effectiveness of national TB programmes. We, therefore conducted a study to explore TB treatment outcomes of new smear-positive adult PTB cases among those who accessed treatment at Malawi's largest public TB registration site, Martin Preuss Centre (MPC), in the capital, Lilongwe. MPC integrates TB and ART services.
Therefore, we were able to stratify by HIV and ART status to understand better the role of these critical factors.
Methods

Setting
The study was conducted at the Martin Preuss Centre (MPC), an integrated TB/HIV clinic run by the Malawi Ministry of Health's Lilongwe District Health Office in partnership with the Lighthouse Trust. MPC, described in detail previously [13] , has three units: HIV testing and counseling, ART, and TB which includes sputum submission. ''Opt-out'' HIV testing and counseling services are also provided within the TB unit; over 95% know their HIV status before starting TB treatment. MPC registers approximately 3,200 TB patients annually. Diagnosis of TB is based on clinical examination, sputum smear microscopy, chest radiography and other investigations as appropriate for extrapulmonary disease. Once diagnosed with TB, patients are recorded in the national TB register by the district TB officer. The Malawi National TB control (NTP) program classifies new smear-positive PTB patients as, ''patients with positive smear result who have never taken anti-tuberculosis drugs for more than one month'' [14] . All new adult TB cases are treated with the standard WHO regimen I, consisting of two months of daily rifampicin (R), Isoniazid (H), pyrazinamide (Z) and ethambutol (E), followed by four months of RHE. Approximately 50% of patients initiate and continue TB treatment at MPC; the rest initiate at MPC but choose to continue their treatment at one of 18 peripheral health facilities in accordance with NTP decentralization efforts. Treatment outcomes of all patients who initiate at MPC regardless of where they continue treatment are recorded and updated using TB treatment cards in the MPC central TB register. The Malawi NTP defines TB treatment outcomes as: 1) cured: a patient who was smearpositive at diagnosis and has smear-negative results at, or one month prior to, completion of TB treatment; 2) treatment completed: a patient who completed treatment (i.e. took a full course of treatment) but for whom smear results are not available on, or one month prior, to the completion of TB treatment; 3) failure: a patient who remains, or returns, smear-positive at five months or more during TB treatment; 4) death: a patient who died from any cause during TB treatment; 5) lost to follow-up: a patient who stopped TB treatment for more than two months; 6) transferred-out: a patient who (presumably) completed TB treatment at another TB registration site. Deaths are ascertained mainly through active follow-up.
MPC also provides ART to HIV-infected individuals. All TB patients diagnosed with HIV were eligible for ART and expected to initiate ART within two months of TB registration. ART was co-administered with TB treatment and available for all patients regardless of where they chose to continue TB treatment.
Study Design and Population
We included all new smear-positive adult PTB patients ($15 years) who registered and initiated TB treatment at MPC between January 2008 and December 2010. Patients who completed TB treatment at MPC or a peripheral site were included.
Data Collection and Data Analysis
Variables for all new smear-positive PTB cases were collected from routine programme data including TB registers and patient treatment cards. Variables included TB registration number, registration date, age, gender, HIV status, ART status and TB treatment outcome. Data were entered and cleaned in a MS Access database and analyzed in STATA 10.0. We used chisquare tests to compare patient characteristics and all TB treatment outcomes stratified by HIV and ART status. TB cases with missing treatment outcomes were excluded from further analysis. The effects of HIV and ART status on TB treatment outcome were examined using logistic regression models. TB treatment outcome was categorised as treatment success (''cured'' or ''treatment completed'') versus all other treatment outcomes. The final multivariable model was determined using forward selection, including explanatory variables with a two-sided p-value of #0.05. Age group, in 10-year bands, and gender were included a priori in the final multivariable logistic regression model. Linear trends for treatment success were explored using chi-square tests. Statistical significance for all analyses was set at the p#0.05 level and 95% confidence intervals (CI) were calculated throughout.
Ethical Considerations
The study was approved by the Malawi National Health Science Research Committee and the Ethics Advisory Group of the International Union Against Tuberculosis and Lung Disease in Paris, France. The data for the study did not include any personal identifiers. The ethics committees waived the need for patient consent because the study used routine programmatic data that did not include any personal identifiers.
Results
Study Population
Between January 2008 and December 2010, 2,478 new, smearpositive, adult PTB cases were registered at MPC. Men comprised 62% (1,530) of all patients. The median age was 31 years (Interquartile range (IQR) 26-38 years). There were no age differences across years of TB registration. A total of 117 (5%) patients had unknown TB treatment outcome and were excluded in further analyses. Of the remaining 2,361, 86% had treatment success (1664 were cured and 376 completed treatment), 5% died, 6% were LTFU, 2% transferred-out and 1% had treatment failure (Table 1) 
Comparison of Smear-positive PTB Patient Treatment Outcomes by HIV Status
Most patients (2,264, 96%) knew their HIV status. HIV prevalence was 56%: 60% in women and 54% in men. HIVnegative patients had slightly better TB outcomes compared to HIV-positive patients. Of HIV-negative patients, 88% had successful treatment outcomes compared to 85% of HIV-positive patients. More HIV-infected TB patients died (6%) compared to HIV-negative patients (3%) (p = 0.034) ( Table 2 ). In univariable logistic regression analyses, being female (OR = 1.45, 95% CI 1.12-1.87, p = 0.005) and being HIV-negative (OR 1.34, 95% CI 1.05-1.72, p = 0.019) were both associated with successful TB treatment outcome while age (p = 0.323) and treatment site (p = 0.147) were not associated ( Table 3) 
Comparison of Smear-positive PTB Patient Treatment Outcomes by ART Status
Of the 1,275 HIV-infected new smear-positive PTB cases, 492 (38%) received ART during the study period. There were no significant differences in terms of gender and age distributions between those on ART and not. However, the proportion of patients on ART increased from 17% in 2008 to almost 40% in 2010 (p,0.001). Patients on ART had more successful treatment outcomes (89%) compared to those not on ART (83%) (p = 0.014). TB patients who were on ART were less likely to die than those not on ART (adjusted OR = 0.46 95% CI 0.26-0.83). In multivariable logistic regression, treatment success was higher among smear-positive PTB patients on ART than among those not on ART (adjusted OR = 1.83, 95% CI: 1.29-2.60) ( Table 4) .
Discussion
This is one of the largest studies to examine the effects of HIV and ART status on TB treatment outcomes among new smearpositive PTB patients in sub-Saharan Africa. In our study, overall treatment success was 86%, indicating an overall positive programme outcome. Fifty six percent of smear-positive PTB patients were HIV co-infected and HIV co-infection was associated with a slightly poorer TB treatment outcome, even after adjusting for gender, age and year of TB registration. Only 38% of the TB/HIV new smear-positive co-infected patients were on ART. Those on ART had successful TB treatment outcomes compared to those not on ART.
Similar to other studies [15, 16] , we found a high proportion of smear-positive PTB among individuals aged 15-44 years; the same ages are at highest risk of HIV in Malawi [17] . However, HIV prevalence among our smear-positive PTB patients (56%) was lower than the national HIV prevalence of 68% among all TB forms [18] . This finding is likely because the national estimation of HIV prevalence in TB-infected individuals includes those with smear-negative PTB, which is quite common among HIV-infected individuals [19] .
As expected, both HIV and ART status influenced TB treatment outcomes. In general, HIV-infected individuals were less likely to have successful treatment outcomes and were twice as likely to die as compared to HIV-negative individuals. Among HIV-infected smear-positive PTB adults, those on ART had slightly higher likelihood of successful treatment outcomes compared to those not on ART. ART enhances the immune response among HIV-infected TB patients, and this consequently leads to improved survival [20] . More dramatically, we also found a 50% reduction in mortality among TB patients on ART compared to those not on ART, an indication of the positive effect of TB/ART co-infection treatment, which echoes similar findings from previous studies [9, 21] .
Despite the well-known benefit of ART and the integrated TB/ HIV care model at MPC, only 38% of HIV-infected new smearpositive individuals received ART during TB treatment. The low ART uptake is likely due to several factors. First, some patients might be reluctant to take ART and TB drugs simultaneously due to concerns about pill burden and drug interactions. Second, the national ART guidelines recommend a guardian before ART initiation; the absence of a guardian may delay or discourage ART uptake among TB patients. Lastly, smear-positive PTB patients are expected to be reviewed by TB clinical officers -a cadre of mid-level healthcare professionals trained in both TB and ART management. However, in practice, health surveillance assistants (the lowest level of healthcare professionals) who are not trained in ART provision often conduct TB reviews for HIV-infected individuals, sometimes overlooking the need for ART initiation [13] . Currently shifting management of smear-positive PTB patients from health surveillance assistants to TB clinical officers is under discussion within the Malawi NTP with the aim of improving routine programme management. Our results should be viewed in light of the following limitations. TB treatment outcomes were not available for 5% of eligible patients and their exclusion might have introduced bias. However, there were no significant differences in terms of age, gender and HIV status between patients with and without TB treatment outcomes. Second, we used only routine programme data; these do not include information such as viral load and CD4 cell count which may have significant effects on patients' TB outcomes. Third, since 165 (34%) of HIV-infected individuals on ART did not have a recorded ART start date, we could not explore the effect of duration on ART or timing of ART uptake on TB outcomes. Previous studies found decreased treatment success for sequential ART initiation [9] . Despite these limitations, the study findings are useful to inform policy and programmes that aim to improve management of new smear-positive TB/HIV patients in Malawi and other comparable settings.
The results of this study suggest several changes that would likely improve TB outcomes and reduce the duration of infectiousness especially among TB/HIV co-infected patients in an an integrated TB/HIV clinic setting. First, although our study found satisfactory treatment outcomes for smear-positive PTB patients, this rate decreased from 90% in 2008 to 84% in 2009 and to 86% in 2010, possibly due to changing LTFU rates. In an effort to address LTFU, the Malawi HIV programme recommends active tracing of TB/HIV patients in facilities providing HIV services, a step that MPC will consider. Second, appropriate and intensified sensitization on the benefits of ART for both patients and care providers might increase ART uptake. Lastly, improved monitoring and evaluation of TB/HIV co-infected patient care, especially as provided by health surveillance assistants, would better identify and address obstacles in ART initiation during follow-up visits.
